l Introduction
Since 1974 abdominal electrocardiography has been available äs optional equipment on cardiotocographs. Besides phonocardiography and ultrasound cardiography it is one of the methods for indirect cardiography. To allow calculations of the instantaneous fetal heart rate, the trigger pulse must have a constant quality, for instance the R-wave in the ECGcomplex. This is obtained in direct cardiography via the scalp electrode. In abdominal electrocardiography the trigger pulse is the fetal R-wave äs in direct electrocardiography which makes a registration of the instantaneous fetal heart possible. However, the maternal ECGcomplex will also be recorded and interfere with the fetal ECG-complex. When this happens a Substitution for the fetal complex is made in the cardiotocograph allowing a continuous recording of the fetal heart rate. The aim of this study was to investigate the agreement between direct and abdominal fetal electrocardiography, to calculate the frequency of substituted fetal heart beats by abdominal electrocardiography and to compare short term variability and long term variability recorded by direct and abdominal method.
Material and methods
Fetal heart rate registrations from nine patients in the first stage of labour are included in the study. The fetal heart rate was monitored by abdominal (aFECG) and direct (dFECG) electrocardiography using two cardiotocographs 8030 A from HEW-LETT PACKARD. A third cardiotocograph of the same type registered the maternal heart rate via electrodes on the ehest (MECG). All Signals were simultaneously recorded on three different channels on a 4 channel analogue FM type-recorder (HEWLETT PACKARD 3960). The recorded signal was the 120 ms, + 6.5 V flash pulse which is accessible in the rear System connector pin D and A (digital ground). This Signal is triggered by a valid heart beat or 3. Substitution made by the cardiotocograph. The HP 8030 A makes two types of substitutions: a. If, after two consecutive fetal pulses, the next pulse is missing because of technical problems, one and only one Substitution is made. (Fig. 1 ).
Curriculum vitae
To make this Substitution possible, the Output from the aFECG must be delayed. It is delayed longer than the maximum permissible change in the heart period (14bpm change from 50-64 bpm = 262,5 ms) and shorter than the shortest duration of a period (210 bpm = 285,7 ms). The chosen delay according to the HEWLETT PACKARD Operation instructions is 272 ms ± 2 ms. The above mentioned substitutions do only occur in aFECG and not in dFECG or MECG.
To transfer the Information from the tape into the Computer, three 15-bit digital counters were built. The calculations were carried out on the Data General Nova® 2.10 System (Fig. 2) .
The three counters measured, with l ms resolution, the beat-to-beat distance in the aFECG, dFECG and MECG channels simultaneously using the same clock to ensure that no time errors would be introduced between the channels. The beat-tobeat times were stored on three separate disc flies for future calculations. The file with beat-to-beat times from aFECG was corrected with a delay of approximately 270 ms at the beginning. Only aFECG records with practically no failure or artifacts (Fig. 3) were included. In all calculations we have used the original data and only extracted parts where the aFECG is missing due to Substitution a. Within a window of 40 ms around the aFECG pulses, the dFECG channel was checked for pulses and the differences in time registered. In the next
Step the number of substituted fetal heart beats was calculated by comparing the channel for dMECG and dFECG within a window of 190ms before and 75 ms after the maternal pulse. The last step was to compare the short and long term variability. For calculation of these, the index of DE HAAN et al. [4] was chosen. The first comparison was done tolerating a difference of one beat/min between aFECG and dFECG at a frequency of 140 beats/min. In a second comparison two beats/min were tolerated. The results are expressed by means of the correlation coefficient.
Results
Nine patients at term were' included in the study. All patients were in the first stage of labour. In mean the patients were registered for 24 minutes. A total of 30651 beats were recorded with dFECG. Visually all the aFECG-tracings were ofverygood quality (Fig. 3) . However, the computerized comparison with dFECG showed that about 10% of the fetal heart beats were not registered by aFECG.
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It means that a total of 27720 pulses were recorded from aFECG. Within a window of 40 ms (± 20 ms) around each of these pulses the dFECG-file was checked. In 99.2% of the cases a corresponding dFECG-pulse could be found. In 98.5% of all recorded pulses they were within a window of 20ms (± 10ms) (Fig. 4) . Depending on the maternal heart rate, the frequency of interference of maternal and fetal complexes was different. In mean it was 35% with a r nge of 27 to 46.5% (Tab. I).
The short term variability and the long term variability will not be exactly the same in aFECG and dFECG recordings because of the substitutions Tab. I. The frequency of substituted fetal heart beats in aFECG due to interference between the maternal and fetal ECG-complexes for each patient included in the study (patient nr 3 had to be excluded because of problems with the electrodes recording the MECG 
Discussion
Previous studies have shown that the aFECG will give a low number of clinically useful tracings before the 32th-34th week of pregnancy [1, 2, 6] . In antenatal cardiotocography the use of abdominal FECG therefore seems to be of value in the last weeks of pregnancy when the number of tracings of good quality exceeds 60 to 70% [2, 5,, 6, 9] . This study shows that under optimal conditions in term pregnancies about 90% of the fetal heart beats will be registered by a aFECG. A low short term variability is thought to reflect impäirment of the central nervoüs regulation of the heart frequency [3] . It is therefore important to have an indirect method for fetal heart rate monitoring which will give a reliable registration of the instantaneous fetal heart rate in the antenatal period. Using aFECG the substitutions of fetal heart beats will, according to the present study, occur in one third of the cases. It was therefore not quite obvious that the true instantaneous fetal heart rate could be monitored by aFECG. If the quality of the substitutions is good, however, it should be possible to imitate the instantaneous heart rate well enough to allow calculations of both short term and long term variability. A visual comparison of graphs obtained simultaneously by aFECG and dFECG shows no greater difference (Fig. 3) [2, 8 ]. The present study shows that 98.5% of the registered pulses by aFECG differ at most 10 ms from the pulses registered by dFECG. Furthermore the correlation between the two methods is good concerning both short term and long term variability. This agrees with one previous report [7] . In most obstetric departments the cardiotocograms are studied visually. In this way the beat-to-beat variability cannot be judged. Instead the so called band width of the tracings is studied which rather reflect the long term variability [4] . According to the present study it is concluded that the aFECG will give Information reliable enough to judge fetal heart rate variability both antenatally and intrapartum.
Because of the difficulties in judging the short term variability visually, computerized calculations are now available. They are'basedupon the dFECG. In the antenatal period when it is not possible to use the dFECG, it should be possible touse aFECG äs a base also for Computer analysis of fetal heart rate variability.
Summary
To allow calculation of the beat-to-beat variability in fetal electrocardiography the trigger signal has to be of good quality. The aim of this study was to inVestigate the quality of the abdominal fetal electrocardiography (aFECG), and compare the short term and long term ' variability registered by this method with the direct fetal electrocardiography (dFECG).
With three cardiotocographs the aFECG, the dFECG and the maternal ECG were registered simultaneously and stored on a magnetic tape. After analogue-digital con s version, the Information was calculated in a Computer System. The variability registered by aFECG and dFECG was compared allowing a difference of both one beat and two beats/min.
From nine patients in early labour 30651 heart beats were registered by dFECG. By aFECG 27720 beats were registered. Within a window of ± 10 ms 98.5% of all pulses registered by aFECG were found. The corfelation coefficients for short term variability were 0.75 and 0.91. For long term variability the correlä-tion coefficients were 0.94 and 0.98. To allow calculations of the short term variability the registration of the instantaneous fetal heart rate is necessary. In the antenatal period only indirect methods for electrocardiography are possible. The present report shows that with the abdominal electrocardiography the short term and long term variability can be judged. The quality of the registrations is good enough to allow Computer calculations of the Information.
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Zusammenfassung
In der foetalen Elektrokardiographie muß das L'enregistrement de la frequence cardiaque in st an t a nee est necessaire pour l'etablissement de la microvariabilite. Seule l'electrocardiographie indirecte est possible dans la periode antenatale. Le present travail montre qu'il est possible d'apprecier aussi bien la microque la macrovariabilite a l'aide de l'electrocardiographie foetale transabdominale. La qualite des enregistrements est süffisante pour permettre l'analyse des informations par ordinateur.
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